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L e c t u r e  I 

THE U.S. SPACE EFFORT 
.__ 

The e x c i t i n g  era of space f l i g h t  began on October 4 ,  

1957 w i t h  t h e  launch  of t h e  f i rs t  man-made s a t e l l i t e  by 

t h e  S o v i e t  Union. The e a r t h  o r b i t a l  f l i g h t  of Spu tn ik  I 

dramat ized  t h e  p o t e n t i a l  of space  e x p l o r a t i o n  and i t s  

impact  added urgency and impetus t o  a l l  U . S .  e f f o r t s  

toward unmanned and manned space f l i g h t .  

The advances of t h e  U . S .  manned programs i n  less 

t h a n  a decade s i n c e  t h e  f i r s t  Sputn ik  will be d i s c u s s e d  

i n  t h i s  l e c t u r e  series.  Lec tu res  w i l l  be devoted t o  t h e  

manned f l i g h t s  of  t h e  U . S .  Mercury and Gemini programs 

a l r e a d y  completed,  and t o  t h e  role of t h e  Apollo program 

i n  f u r t h e r i n g  t h e  development of  manned spacg f l i g h t  

c a p a b i l i t y  t o  be demonstrated i n  t h e  Apollo l u n a r  mis s ion .  

F i n a l l y ,  t h e  v a l u e s  and worth of  p r e s e n t  and f u t u r e  space  

e x p l o r a t i o n  w i l l  be p l aced  i n  p e r s p e c t i v e .  

UNMANNED PROGRAMS 

N o  such  p e r s p e c t i v e  of space  e x p l o r a t i o n  i s  p o s s i b l e ,  

however, w i t h o u t  recount ing  t h e  remarkable  accomplishments 

ach ieved  i n  space  t h u s  f a r  th rough t h e  use  of  unmanned 

s a t e l l i t e s  and s p a c e c r a f t ,  beginning  w i t h  t h e  l i m i t e d  

e x p l o r a t o r y  probes  begun more t h a n  20 y e a r s  ago. 

One of t h e  i n t e r e s t i n g  e a r l y  exper iments  conducted 
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' i  in the U.S. took place in 1946, when a captured V-2 rocket 

was launched from white Sands, New Mexico to an altitude 

of 55 miles, and obtained the first spectrum of the sun 

in the f a r  ultraviolet. Radiation in the ultraviolet 

and a number of other regions of the spectrum is largely 

absorbed by the earth's atmosphere. 

Rockets have been launched at increasing rates since 

1946 on suborbital flights to explore the upper atmosphere, 

to make weather observations, to explore the region of 

space near the earth, and to make astronomical obser- 

vations. 

Since 1.957, man has been able to employ rockets to 

launch satellites about the earth and, since 1959, 

he has been able to use them to overcome the earth's 

gravity and send instrumented spacecraft out into inter- 

planetary space. 

Near-Earth ExDloration 

The first major scientific advance resulting from 

this ability was the discovery of the radiation belts 

surrounding the earth. 

Explorer I, launched January 31, 1958, detected radiation 

of such intensity that it swamped the instruments that 

The first United States satellite, 

were intended to measure the cosmic rays. Another 

satellite, Explorer 111, was launched less than two 
.- 
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months later with instruments calibrated differently. 

Dr. James A. Van Allen of the State University of Iowa 

announced the discovery of the radiation belts before 

the National Academy of Sciences on May 1, 1958. 

Another interesting early finding is related to 

the shape of the earth. 

earth is an oblate spheroid -- generally round but with 
a somewhat greater diameter at the equator than at 

the poles. 

We are all taught that the 

It was believed until a decade ago that 

the ratio of the oblateness was 1/197. However, careful 

study of the orbit of the Vanguard I satellite, launched 

in 1 9 5 8 ,  showed t.hat the fracticn is 1/298.2. Further 

analysis showed also that the southern hemisphere is 

a little more oblate than the northern hemisphere. 

The difference is about 100 feet. The sea level in 

the Arctic Ocean is 50 feet higher than expected, and 

50 feet lower around Antarctica. In other words, the 

earth is just a bit pear shaped. 

Exploration Beyond Earth 

Much of the emphasis of our unmanned satellite 

programs in succeeding years has been to learn in detail 

about the earth and its relationship to the Sun, and 
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t o  e x p l o r e  t h e  moon, Venus and Mars, and i n t e r p l a n e t a r y  

space ,  and t o  p rov ide  p r a c t i c a l  a p p l i c a t i o n s .  W e  should  

keep i n  mind, however, t h a t  i t  has  been necessa ry  t o  

employ m i l i t a r y  rockets adapted f o r  t h e  purpose.  I t  

i s  on ly  now t h a t  launch v e h i c l e s  des igned  from t h e  

beginning  f o r  space  f l i g h t  are coming i n t o  use .  

Study of  t h e  e a r t h  focuses  on t h e  atmosphere,  

t h e  ionosphe re  and t h e  magnetosphere. To l e a r n  about 

t h e  sun ,  i n s t r u m e n t s  are poin ted  t o  obse rve  t h e  co rona ,  

t h e  chromosphere and t h e  d i s c  i t s e l f ,  w i t h  p a r t i c u l a r  

a t t e n t i o n  t o  f l a r e s ,  s o l a r  storms and s u n s p o t s .  

Lunar Exp lo ra t ion  

Another a r e a  of  s p e c i a l  i n t e r e s t  i s  t h e  e x p l o r a t i o n  

of t h e  moon. I n  1 9 6 4  and 1 9 6 5 ,  t h r e e  Ranger s p a c e c r a f t  

were launched t o  impact t h e  moon, t a k i n g  p i c t u r e s  c o n t i n u a l l y  

d u r i n g  t h e  f i n a l  minutes  o f  f l i g h t  ( F i g u r e  1 ) .  A l t o g e t h e r  

more t h a n  2 0 , 0 0 0  p i c t u r e s  were o b t a i n e d ,  i n d i c a t i n g  

t h a t  a s i g n i f i c a n t  percentage  of t h e  moon's s u r f a c e  

i s  a c c e p t a b l e  f o r  landing  sites i n s o f a r  as topography 

is concerned.  The Ranger I X  t r a n s m i s s i o n s  w e r e  seen  

live on t e l e v i s i o n  h e r e  on e a r t h .  

Next i n  o u r  unmanned l u n a r  program w a s  Surveyor .  

I n  1 9 6 6 ,  t h e  f i r s t  Surveyor accomplished a s u c c e s s f u l  

s o f t  l a n d i n g  on t h e  moon and r e t u r n e d  more t h a n  1 0 , 0 0 0  
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photographs i n d i c a t i n g  t h a t  t h i s  p a r t i c u l a r  s p o t  is 

s u i t a b l e  f o r  a l and ing  (F igure  2 ) .  

The t h i r d  program, which a l s o  began i n  1 9 6 6 ,  is 

t h e  Lunar O r b i t e r ,  des igned  t o  g a i n  a d d i t i o n a l  photo- 

g r a p h i c  in fo rma t ion  on p o t e n t i a l  l a n d i n g  sites (F igure  3 ) .  

The L u n a r  Orbi te r  f l i g h t s  a r e  scheduled t o  con t inue  

through 1967 .  

P l a n e t a r y  Exp lo ra t ion  

I n  t h e  e x p l o r a t i o n  of t h e  s o l a r  system we have 

conducted f l i g h t s  p a s t  t h e  t w o  n e a r e s t  p l a n e t s ,  Venus 

and Mars, as w e l l  as s e v e r a l  through i n t e r p l a n e t a r y  

space .  I n  1 9 6 2 ,  M a r i n e r  I1 passed 21 ,500  m i l e s  from 

Venus a f t e r  a journey  of  1 0 9  days and t r a n s m i t t e d  in fo rma t ion  

abou t  t h e  p l a n e t  a c r o s s  a d i s t a n c e  of 36 m i l l i o n  m i l e s .  

The most impor t an t  f i n d i n g  was t h a t  t h e  atmosphere of  

Venus i s  h o t t e r  t h a n  p rev ious ly  b e l i e v e d .  Temperature 

r e a d i n g s  o f  600  deg rees  Fahrenhe i t  were o b t a i n e d .  

I n  1965, Mariner  I V  t r a v e l e d  228 days and passed  

w i t h i n  7 , 4 0 0  m i l e s  of t h e  p l a n e t .  

of 134 m i l l i o n  m i l e s ,  Mariner I V  t r a n s m i t t e d  t o  e a r t h  

2 1  clear photographs ,  which i n d i c a t e d  t h a t  t h e  s u r f a c e  

is c r a t e r e d  l i k e  t h a t  of t h e  moon (F igu re  4 ) .  Radio 

Over a d i s t a n c e  

s i g n a l s  s e n t  when Mariner passed behind Mars showed 

t h a t  t h e  p l a n e t ' s  atmosphere i s  t h i n n e r  t han  expec ted .  
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Data t r a n s m i t t e d  f a i l e d  t o  supply ev idence  of a d u s t  

~ 

b e l t ,  a magnet ic  f i e l d  or r a d i a t i o n  b e l t s .  

S p a c e c r a f t  i n  t h e  P ioneer  series have measured 
I 

p a r t i c l e s  and f i e l d s  i n  i n t e r p l a n e t a r y  space  up t o  

d i s t a n c e s  of  more than  50 m i l l i o n  m i l e s .  

A p p l i c a t i o n s  of Space Technology 

I n  e a r t h  o r b i t ,  unmanned s p a c e c r a f t  have been 

employed w i t h  g r e a t  s u c c e s s  t o  deve lop ,  demonst ra te  

and begin  o p e r a t i o n  of p r a c t i c a l  a p p l i c a t i o n s  of  space  

technology.  

are i n  wea the r ,  communications and n a v i g a t i o n .  

I 

The most advanced of  t h e s e  a p p l i c a t i o n s  

I n  meteorology,  t h e r e  have been t w o  unmanned space-  

c r a f t  programs, T I R O S  and NIMBUS. The T I R O S  series 

c o n s i s t e d  o f  1 0  s u c c e s s f u l  s a t e l l i t e s  o r b i t e d  between 
. .  

. 1960  and 1 9 6 5 ,  photographing clotld c o v e r ,  o b t a i n i n g  

i n f r a r e d  measurements and t r a n s m i t t i n g  t h e  r e s u l t s  

t o  e a r t h .  As I fee l  s u r e  i s  w e l l  unders tood  here i n  

A u s t r a l i a ,  t h e  weather  o r i g i n a t e s  t o  a large e x t e n t  

i n  t h e  f i v e - s i x t h s  of t h e  e a r t h ' s  s u r f a c e  covered  w i t h  

water ,  where weather  s t a t i o n s  on t h e  s u r f a c e  are few 

and f a r  between. Consequently,  photographs of  a deve loping  

s t o r m  system or typhoon from a s a t e l l i t e  p rov ide  t i m e l y  

warnings  t h a t  can p r e v e n t  l o s s e s  o f  l i f e  and p r o p e r t y .  

I n  a d d i t i o n ,  t h e  i n f r a r e d  r ead ings  enab le  u s  t o  unders tand  



the earth's energy balance. Beginning this year, the 

U. S. Department of Commerce has had an o p e r ~ t i c x ~ a l  

system of weather satellites similar to those in the 

T I R O S  series. 

One of the limitations of TIROS is that its orien- 

tation is constant with respect to space. Thus it 

points to the earth only during half of earth orbit. 

In addition, the orbits have been inclined, so that 

the satellites do not pass over the polar regions where 

some of the most interesting weather is found. 

overcome these limitations, we are now flying the NIMBUS 

To 

satellites, which are larger, constantly pointed toward 

the earth, and are launched from California into near- 

polar orbits. 

As many of you may know, a station has been con- 

structed at the University of Melbourne to receive 

TIROS and NIMBUS photographs, which should make a very 

real contribution to the advance of meteorology here 

in Australia. Two other stations are being constructed 

at Darwin and Perth, also. 

In communications, a number of experiments have 

been carried out successfully, beginning in 1960 with 

the Echo balloon satellite and later with Telstar, 

R e l a y  and Syncom. In principle, a communications 
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sa t e l l i t e  acts  a s  a t a l l  antenna tower, which e n a b l e s  

us  t o  t r a n s m i t  beyond t h e  horizon as  seen  from t h e  

s u r f a c e .  The Syncom s a t e l l i t e  demonst ra ted  t h a t - i t  

is p o s s i b l e  t o  s t a t i o n  a t r a n s m i t t i n g  an tenna  a t  an 
', ,- 

a l t i t u d e  o f  2 2 , 0 0 0  m i l e s .  A t  t h i s  a l t i t u d e ,  - t h e  s p a c e c r a f t  

ma in ta ins  i t s  p o s i t i o n  abov\e,a .%ixed p o i n t  on t h e  Equator ,  ' 
>!,, . ' 
._ . yr 

' <  
s i n c e  i t s  p e r i o d  of r o t a t i o n ' i s  2 4  hours .  I 

This  o r b i t  i s  a l so  used by t h e  E a r l y  B i rd  s a t e l l i t e s  

of t h e  Communications S a t e l l i t e  Corpora t ion ,  t h e  f i r s t  

commercial v e n t u r e  i n  space ,  which i s  now supplying 

t e l ephone  and t e l e v i s i o n  communications between t h e  
/' United S ta tes  and Europe. ,* 

A t h i r d  a p p l i c a t i o n  now-opera t iona l  is n a v i g a t i o n  

by s a t e l l i t e .  The U .  S .  Navy T r a n s i t  s a t e l l i t e s  now 

supply  a l l - w e a t h e r - 5 a v i g a t i o n  s e r v i c e s  t o  u n i t s  of 

t h e  f l e e t .  ; 

2 , I 

I 

R e l a t i o n s h i p  Between Unmanned and Manned Frograms 

I t  should  be emphasized t h a t  an i n t i m a t e  i n t e r r e l a -  

t i o n s h i p  e x i s t s  between t h e  NASA unmanned and manned 

programs. While ou r  a t t e n t i o n  w i l l  be focused on manned 

f l i g h t s ,  w e  should be aware of t h e  complementary role 

of t h e  unmanned miss ions .  The unmanned s c i e n t i f i c  

i n v e s t i g a t i o n s  of t h e  e a r t h ,  moon, sun ,  p l a n e t s ,  stars, 

g a l a x i e s  and o u t e r  space i n v a r i a b l y  suppor t  advances 
-, 



i n  t h e  manned programs. Some of t h e s e ,  such as t h e  

r e c e n t  Surveyor  m i s s i o n ,  a r e  e s s e n t i a l  f o r e r u n n e r s  

of s p e c i f i c  manned f l i g h t s .  The exper iments  of manned 

f l i g h t s ,  i n  t u r n  h e l p  t o  i n c r e a s e  t h e  body of knowledge 

concern ing  t h e  phenomena of space and our q u e s t  for 

e a r t h l y  a p p l i c a t i o n s  of t h i s  knowledge. 

The manned programs, c o n c u r r e n t l y ,  have made p o s s i b l e  

and i n  a s e n s e ,  have demanded t h e  s u c c e s s i v e  advances 

i n  manned space  c a p a b i l i t y  achieved con t inuous ly  from 

t h e  f i r s t  Mercury m i s s i o n s .  The t a s k s  t h a t  man can 

perform are expanding w i t h  t h i s  i n c r e a s e d  c a p a b i l i t y ,  

which can be measured almost from f l i g h t  t o  f l i g h t .  

Considered wi th  t h e  i n c r e d i b l e  growth of human knowledge 

on a l l  f r o n t s ,  t h e  u l t i m a t e  role of man, working i n  

t h e  e x t r a t e r r e s t r i a l  environment,  i s  v i r t u a l l y  beyond 

p r e d i c t i o n .  

THE SPACE ENVIRONMENT 

I n  b u i l d i n g  i t s  programs of space  f l i g h t  and explo-  

ra t ion ,  NASA has a s s igned  a key role t o  man. H e  is  

n o t  merely a passenger  on a space  v e h i c l e ,  b u t  an impor t an t  

e l e m e n t  i n  t h e  man-machine complex. H e  i s  a p o i n t  

of d e c i s i o n  and command, an  expe r imen te r ,  and a source  

of i n t e l l i g e n t  r e p o r t i n g  and i n t e r p r e t a t i o n  of t h i n g s  

s e e n  and done. H e  i s  a sensor,  a man ipu la to r ,  an e v a l u a t o r ,  
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and an investigator. 

The conditions of his flight i n t o  space therefore 

must be such that he not only survives but maintains 

the efficiency level needed to participate in many 

essential activities. 

Man's survival in space depends upon achieving 

two basic conditions - a habitable environment and 
protection against the physiological stresses and incidental 

hazards of space flight and the space environment. 

Life Suuuort Reauirements 

On earth, man functions in a gaseous 

consisting of about 20 percent oxygen and 

environment 

80 percent 

nitrogen at a total pressure of 14.7 pounds per square 

inch at sea level. H e  is, however, quite an adaptable 

mechanism and he can function in other atmospheres, 

although his range of adaptability does not accommodate 

survival in the vacuum of space. It is, therefore, 

' necessary for him to take his environment with him 

into space. 

Stresses of Space Flight 

Sustaining life in the space environment is not 

alone a matter of providing a habitable atmosphere 

and taking care of the metabolic needs of man. In 

addition, he must be protected from the physiological 
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1 
effects of  environmental  f a c t o r s  i n c i d e n t a l  t o  space  

f l i g h t .  These f a c t o r s  i n c l u d e  n o i s e ,  v i b r a t i c r ? ,  accel- 

e r a t i o n ,  and impact ,  w e i g h t l e s s n e s s ,  i so l a t ion ,  con- 

f inemen t ,  and a l t e r e d  d i u r n a l  c y c l e s .  

Weight l e  ssne ss 

P r i o r  t o  t h e  Mercury and Gemini f l i g h t s ,  ve ry  

l i t t l e  was known concerning t h e  e f f e c t s  of  prolonged 

w e i g h t l e s s n e s s  on man. T h i s  was because e x c e p t  f o r  

v e r y  b r i e f  p e r i o d s ,  t h e r e  were no methods by which 

t h i s  c o n d i t i o n  cou ld  be r e a l i s t i c a l l y  s imula t ed  on 

e a r t h .  Our l a c k  of a b i l i t y  t o  s i m u l a t e  w e i g h t l e s s n e s s  

and t he  consequent  l a c k  of in format ion  a v a i l a b l e  concern ing  

i t s  e f f e c t s ,  l e d  t o  i t s  being r ega rded  a s  one of  t h e  

c r i t i c a l  p o t e n t i a l  problems l i m i t i n g  man i n  space  t r a v e l .  

The Gemini f l i g h t s  demonstrated t h a t  it was n o t  n e a r l y  

t h e  problem it had been a n t i c i p a t e d  f o r  f l i g h t s  of 

t h i s  t ype .  

THE ROLE OF MAN I N  SPACE 

D e s p i t e  t h e  h o s t i l i t y  of space  t o  man, t h e  f e a s i -  - 
b i l i t y  of h i s  role i n  t h i s  a l i e n  environment a l r e a d y  

has  been conv inc ing ly  demonstrated.  As I have no ted ,  

t h e  means of  p rov id ing  a h a b i t a b l e  environment has  

been e s t a b l i s h e d  f o r  t h e  requi rements  of f l i g h t s  p r e s e n t l y  

be ing  unde r t aken ,  and t h e  c a p a b i l i t y  f o r  a t t e n u a t i o n  
\ 
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of foreseeable hazards and potential hazards continues 

to develop. 

Motivation for Manned Exploration 

The nature of man to explore the far reaches of 

his earthly environment has been amply documented by 

his successive accomplishments throughout history. 

Space exploration is but a new level of achievement 

in probing and exploiting the unknown. 

of mankind to master the barriers of mountains, then 

The thrust 

oceans, and finally the atmosphere, has proceeded to 

the ocean of space. 

determination which has characterized all of men's 

The curiosity, courage, and adventurous 

previous advances in the mastery of his environment 

are now being brought into play in the scientific, 

technological and operational gains of the U . S .  space 

effort. 

EARLY ROCKET TECHNOLOGY 

Man's conquest of space is based upon the utilization 

of rocket thrust. 

space program is the early rocket technology which served 

as a forerunner to the development of the launch vehicles 

which are essential to all space endeavors. 

Prominent in the background of the U . S .  

The U.S. manned space flight program incorporates 

a broad range of technology which emerged from previous 
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programs d a t i n g  back t o  e a r l y  r o c k e t  r e s e a r c h .  Among 

t h e s e  c o n t r i b u t i n g  n a t i o n a l  e f f o r t s  were a i r c r a f t  pro- 

grams, b a l l i s t i c  missi le  development programs, ae rospace  

~ 

medicine r e s e a r c h ,  and t h e  development o f  r o c k e t  tech-  

nology i n  g e n e r a l ,  which i s  t h e  basis  of  a l l  space  f l i g h t .  

The p i o n e e r s  of  t h e  s c i e n t i f i c  e x p l o r a t i o n  of 

space  were aware of t h e  p r a c t i c a l  a p p l i c a t i o n  of  r o c k e t  

p r o p u l s i o n  f o r  space  f l i g h t .  Men such as  Kons tan t in  

E. Ts io lkovsky of Russ i a ,  Robert  H.  Goddard o f  t h e  

U. S. and Herman Oberth of Rumania and Germany, had 

p u b l i s h e d  works e a r l y  i n  t h e  t w e n t i e t h  c e n t u r y  c o n t r i b u t i n g  

t o  space  technology.  

Goddard' s Work 

The founda t ion  i n  r o c k e t r y  l a i d  by D r .  Robert 

H .  Goddard are now widely recognized .  As e a r l y  a s  

1 9 1 4 ,  he  was g r a n t e d  t w o  p a t e n t s  which developed h i s  

i d e a s  of a m u l t i - s t a g e  r o c k e t  and l i q u i d  p r o p e l l a n t s .  

During t h i s  p e r i o d ,  by s ta t ic  l a b o r a t o r y  t es t ,  he proved 

h i s  t h e o r y  t h a t  a r o c k e t  would perform i n  a vacuum 

and was t h e r e f o r e  capab le  of o p e r a t i n g  i n  space .  

H i s  expe r imen ta t ion  i n  r o c k e t r y  cont inued  unceas ing ly  

from 1917  u n t i l  h i s  d e a t h  i n  1945. During 1 9 2 0  he 

began h i s  p i o n e e r i n g  expe r imen ta t ion  wi th  l i q u i d - f u e l  

p r o p u l s i o n ,  c o n s i d e r i n g  a n  i d e a  f o r  a hydrogen and 

oxygen f u e l  supply he had conceived as e a r l y  as  1909. 
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He accomplished t h e  f i r s t  l i q u i d - f u e l  r o c k e t  f l i g h t  

i n  h i s t o r y  i n  March 1 9 2 6 .  

Durinq t h e  1 3 3 0 ' s  h e  performed numerous r o c k e t  

f l i g h t  tes ts  i n  S e w  PIexico, as h e  cont inued  t o  develop 

the  s c i e n c e  of r o c k e t r y .  w i t h  h i s  l i f e t i m e  of  e f f o r t  

i n  t h i s  f i e l d ,  D r .  Goddard demonstrated a l l  o f  t h e  

fundamentals  f o r  s u c c e s s f u l  r o c k e t  f l i g h t ,  covered 

by more t h a n  200 patents. .  They range  from f u e l s ,  m u l t i -  

s t a g e  d e s i g n ,  guidance and c o n t r o l ,  t o  payloads.  
-_ -. 

V-2 Flissiles 

Goddard's work went v i r t u a l l y  unnot iced  i n  t h e  

Uni te6  S t a t e s ,  even  i n t o  World War 11. I n  Germany, 

however, l i q u i d - f u e l e d  r o c k e t  s t u d y  had proceeded du r ing  

t h e  1 9 3 0 ' s  and by 1 9 4 4  t h e  German V-2 b a l l i s t i c  r o c k e t s  

were being launched from Germany a g a i n s t  L i r i ta in .  I n  

basic  d e s i g n ,  t h e  supe r son ic  V-2 w i t h  i t s  2 O C - m i l e  

r ange  w a s  almost i d e n t i c a l  t o  D r .  Goddard's much smaller 

. l i q u i d - f u e l  r o c k e t .  

POSTWAR DKVELOPr4EPJT 

I n t e r e s t  i n  r o c k e t  technology q r a d u a l l y  developed 

i n  t h e  United S t a t e s  fo l lowing  bJorld War 11, l a r g e l y  

because of  t h e  impact o f  t h e  German V-2 r o c k e t  on American 

m i l i t a r y  an6  s c i e n t i f i c  obse rve r s .  The f u l l  r e a l i z a t i o n  

of D r .  Goddard's c o n t r i b u t i o n  w a s  t o  follow a f t e r  a 
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I .  

growing awareness of h i s  experiments .  

U . S .  Rocket Research 

The p o t e n t i a l  of l a r g e  r o c k e t s  demonstrated by 

t h e  V-2 missiles gave inc reased  impetus  t o  p l a n s  for 

e x p l o r i n g  t h e  realm of  space  wi th  in s t rumen ted ,  and 

e v e n t u a l l y  manned, r o c k e t  v e h i c l e s .  The U . S .  armed 

s e r v i c e s  pursued  s e v e r a l  rocket p r o j e c t s  i n  t h e  postwar 

p e r i o d ,  u s i n g  V-2 components and a d a p t a t i o n s  of t h e  

I V-2 e n g i n e s ,  as w e l l  as  o t h e r  engine  developments.  
, 

By 1 9 4 9 ,  t h e  Navy had developed a more powerful  r o c k e t ,  

t h e  Vik ing ,  f o r  h igh  a l t i t u d e  a tmospher ic  probes.  By ' 1952 t h e  N a t i o n a l  Advisory Committee f o r  Aeronaut ics  

(NACA) w a s  devo t ing  a modest amount of e f f o r t  t o  s t u d i e s ,  

looking  forward t o  manned space f l i g h t .  The X-15 r o c k e t  

r e s e a r c h  a i r p l a n e  p r o j e c t  c a r r i e d  o u t  j o i n t l y  by t h e  

NACA and t h e  A i r  Force began i n  1952. The U.S. i n t e r -  

c o n t i n e n t a l  b a l l i s t i c  m i s s i l e  program was begun i n  

' 1954, l e a d i n g  t o  t h e  development of a new g e n e r a t i o n  

of r o c k e t  systems wi th  t h e  g r e a t  t h r u s t  needed f o r  

m i l i t a r y  payloads.  

PROJECT VANGUARD 

The f i r s t  United States  e a r t h  s a t e l l i t e  program 

was p r o j e c t  Vanguard, i n i t i a t e d  i n  1955 under t h e  management 

of t h e  Naval Research Laboratory.  I ts  purpose w a s  
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I 
I 

. ,  I I 

I '  
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t o  develop a s a t e l l i t e - l a u n c h i n g  v e h i c l e  and t r a c k i n g  

system, and t o  p l a c e  a t  l eas t  one sa te l l i t e  i n  orbi t  

wi th  an exper iment  payload du r ing  t h e  I n t e r n a t i o n a l  

. I  

. .  
Geophysical  Year beginning J u l y  1, 1957. . .  

Impact of Sputnik Launch .. 
-) On October  4 ,  1957 t h e  S o v i e t  Union Spu tn ik  waa 

i 
I 
I launched,  wh i l e  f l i g h t  tests of t h e  Vanguard r o c k e t  I 

1 s t a g e s  were i n  p rogres s .  The impact  of Spu tn ik  was 
I 

a m p l i f i e d  f u r t h e r  by t h e  launch of  Sputn ik  I1 a month 

l a t e r .  The Army B a l l i s t i c  Missile Agency's s a to l l i t e  

1 

i I j  

i 
t 

i p r o p o s a l  was r ev ived  and a c t i v a t e d  as a backup t o  

Vanguard and t h e  Advanced Research P r o j e c t s  Agaacy 

waa f o m e d  t o  t a k e  charge  ,of a l l  Department of  DsEans~o 

space  programs . 

I 

Vanquard and EXploreP: S a t e l l i t e s  

The l aunch  o€ t h e  first Vanguard r o c k o t  with p o t e n t i a l  , 
o r b i t  c a p a b i l i t i e s  was a t tempted  on December 6 ,  1957. 

* The l a u n c h ' f a i l e d  when t h e  f i r s t  a t a g e  engine  l o s t  

t h r u s t  2 'seconds a f t e r  i g n i t i o n ,  and t h e  v e h i c l e  burnad 
I 

, up on t h e  pad. The launch  of t h e  f i r s t  U, S .  sa t e l l i t e ,  

Exp lo re r  I ,  was accomplished by t h e  Army B a l l i s t i c  

Missile Agency on January  31, 1 9 5 8 .  A f t e r  a second 

u n s u c c e s s f u l  Vanguard launch attempt i n  February of 

1958, t h e  f i r s t  Vanguard s a t e l l i t e  was ' launcho8 i n t o  
*) 



o r b i t  on  March 1 7 ,  1958. 

ESTAIILISIIMENT OF EATIOIJAL SPACE ACENCY 

Fol lowing t h e  success  of t h e  S o v i e t  Union i n  o r b i t i n g  

S p u t n i k ,  t h e  P r e s i d e n t  and t h e  Congress of t h e  United 

S ta t e s  began a c a r e f u l  and d e t a i l e d  review of t h e  n a t i o n a l  

competence and p o t e n t i a l  i n  t h e  i n t e rdependen t  a r e a s  

I of m i s s i l e  and space development. 

E a r l y  i n  19513, t h e  P r e s i d e n t ' s  Advisory Committee 

on Government Organ iza t ion  reconmended t h a t  a c i v i l i a n  

space  agency be e s t a b l i s h e d ,  p a t t e r n e d  a f t e r  t h e  s u c c e s s f u l  

N a t i o n a l  Advisory C o m m i t t e e  f o r  Aeronaut ics .  The P r e s i -  

d e n t ' s  Sc i ence  Advisory Committee soon a f t e r  urged 

nati .ona1 a c t i o n  t o  develop space technology.  

N a t i o n a l  Aeronaut ics  and Space Admin i s t r a t ion  

I n  Idlarch 1358 t h e  P r e s i d e n t  approved h i s  adv i so ry  

conuni t tcc 's  recommendation t h a t  a c i v i l i a n  space  aqency 

shou ld  be created upon t h e  s t r u c t u r e  of t h e  e x i s t i n g  

N a t i o n a l  Advisory C o m m i t t e e  f o r  Aeronaut ics ,  and t h a t  

t h i s  agency should  have r e s p o n s i b i l i t y  f o r  a l l  non- 

m i l i t a r y  space  a c t i v i t i e s  i n  an i n t e g r a t e d  program. 

A space  agency b i l l  r e f l e c t i n g  t h e s e  recommendations 

w a s  proposed by t h e  P r e s i d e n t  and s e n t  t o  t h e  Congress.  

The House and Sena te  s p e c i a l  committees immediately 

c o n s i d e r e d  the propose6 b i l l  i n  t h e i r  h e a r i n q s .  
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The result of these deliberations was a national 

decision involving the President, the Congress, and 

the American public. The decision was embodied in 

the National Aeronautics and Space Act of 1958, signed 

by the President on July 29, 1958. The agency created 

by the Act to carry out a mandate for a national civilian 

space effort was the National Aeronautics and Space 

Administration (NASA) . 
National Objectives In Space 

In addition to creating a national space agency, 

the legislation provided the objectives which were 

to be the guide for all national space efforts in the 

future (Figure 5). The objectives in brief were (1) 

the expansion of human knowledge; (2) improvement of 

aeronautical and space vehicles: ( 3 )  development and 

operation of space vehicles; ( 4 )  long-range studies 

for peaceful and scientific use of aeronautics and 

space; (5) international cooperation; and (6) effective 

utilization of resources. 

CONSOLIDATION OF SPACE EFFORT 

NACA Nucleus of New Agency 

The new space agency was formed by using the National 

Advisory Committee for Aeronautics as the nucleus. 

Eight thousand NACA personnel, including scientists, 
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eng inee r s ,  and t e c h n i c i a n s  were t r a n s f e r r e d  t o  NASA. 

F a c i l i t i e s  o f  NACA absorbed by NASA inc luded  t h e  Langley, 

Ames, L e w i s ,  and Edwards Research Cen te r s ,  w i t h  t h e i r  

40-year l egacy  of NACA a e r o n a u t i c a l ,  r o c k e t  p r o p u l s i o n  

and m i s s i l e  r e s e a r c h .  

T r a n s f e r  of Non-Military Space P r o j e c t s  

Army, A i r  Force,  Navy and Department of Defense 

n o n m i l i t a r y  space  p r o j e c t s  a lso w e r e  t r a n s f e r r e d  t o  

NASA. I n t e g r a t e d  wi th  t h i s  move were t h e  space  p robes ,  

sa te l l i tes ,  and rocket engine programs o f  t h e  services. 

Among t h e  p r o j e c t s  and personnel  acqu i r ed  were t h e  

Project Vanguard s c i e n t i f i c  s a t e l l i t e  program and 200 

h i g h l y  q u a l i f i e d  s c i e n t i f i c  and t e c h n i c a l  p e r s o n n e l  

from t h e  Naval Research Laboratory.  

By t h e  end of  1958, t h e  Jet  Propuls ion  Labora tory  

of  t h e  C a l i f o r n i a  I n s t i t u t e  of  Technology, p r e v i o u s l y  

under  c o n t r a c t  t o  t h e  Army, was brought  under NASA 

d i r e c t i o n .  A t  t h e  same t i m e ,  t h e  Army B a l l i s t i c  Missile 

Agency a t  H u n t s v i l l e ,  Alabama w a s  made r e spons ive  t o  

NASA requi rements .  The l a r g e  l i q u i d  f u e l e d  S a t u r n  

r o c k e t  program a t  H u n t s v i l l e ,  i n i t i a t e d  i n  1958 under 

Department of  Defense a u s p i c e s ,  a l s o  became r e s p o n s i v e  

t o  NASA d i r e c t i o n .  

I n  mid-1960, t h i s  group of rocket  e x p e r t s  of t h e  
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Army B a l l i s t i c  Missile Agency’s Development Opera t ions  

D i v i s i o n ,  and t h e i r  f a c i l i t i e s ,  were t r a n s f e r r e d  t o  

NASA. With t h e  t r a n s f e r ,  t h e  George C .  Marsha l l  Space 

F l i g h t  Cen te r  w a s  e s t a b l i s h e d .  

~ 

The NASA Launch Opera t ions  Cen te r  a t  Cape Canavera l  

a l so  was e s t a b l i s h e d  i n  1 9 6 0  and became an  independent  

NASA Cen te r  i n  J u l y  1 9 6 2 .  It  w a s  renamed t h e  John 

F. Kennedy Space Center  i n  November 1 9 6 3  i n  honor of  

t h e  l a te  P r e s i d e n t ,  concur ren t  w i t h  t h e  r e d e s i g n a t i o n  

of Cape Canavera l  a s  Cape Kennedy. 

Manned Space F l i g h t  C- lpabi l i ty  

S p e c i f i c  c a p a b i l i t i e s  f o r  manned space f l i g h t  

were c r e a t e d  by t h i s  o r g a n i z a t i o n a l  a l ignment  of t h e  

U . S .  space  e x p l o r a t i o n  p r o j e c t s .  E f f o r t s  which had 

been fragmented came t o g e t h e r  under  t h e  new space agency, 

each  c o n t r i b u t i n g  t o  t h e  t o t a l  n a t i o n a l  program. 

Key pe r sonne l  from s e v e r a l  l a b o r a t o r i e s  of  t h e  

N a t i o n a l  Advisory C o r n i t t e e  f o r  Aeronaut ics  were t r a n s f e r r e d  

t o  t h e  Langley Research Laboratory.  

t h e  nuc leus  f o r  t h e  Project Mercury t e a m  which e v e n t u a l l y  

expanded t o  become t h e  Manned S p a c e c r a f t  Cen te r  a t  

Houston, Texas. 

They l a t e r  became 

The p r o j e c t  Vanguard team formed t h e  nuc leus  of 

t h e  new Goddard Space F l i g h t  Cen te r  a t  G r e e n b e l t ,  Maryland, 
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concentrating on unmanned satellites and spacecraft, 

and creating the basis for the worldwide Goddard tracking 

and communications network. This network was later 

expanded and refined to support both unmanned and manned 

space flight and, in addition, supplied expert personnel 

for other NASA activity. 

The rocket development team from the Army came 

to provide the large booster support for advanced manned 

flight. 

drawn upon heavily to provide the early rocket boosters, 

as well as launch facilities and crews, and recovery 

The efforts of the military services were 

support for manned space flight. 

With the capability created through consolidation 

of people and projects in NASA, the new agency was 

able to proceed without delay on the programs for U . S .  

manned space flight, beginning with Project Mercury. 

MANNED SPACE FLIGHT PROGRAMS 

Project Mercury had its origins in study effort 

accomplished by and for the Air Force and the National 

Advisory Committee for Aeronautics. Its specific origin 

was the recommendation of a committee formed in September 

1958, composed of representatives from the Department 

of Defense and the National Advisory Committee for 

Aeronautics, immediately prior-to the official birth 

/ 
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of NASA. The National manned satellite program which 

it recommended, named Project Mercury by the end of 

1958, was approved by the NASA Administrator on 

October 7, 1958 and the project was immediately set 

in motion. 

During Project Mercury, NASA's planning for the 

future pointed to manned exploration of the moon and 

the nearby planets as a goal of the indefinite future 

beyond 1970. In July 1960, following a Congressional 

committee recommendation for a high priority manned 

lunar landing program, NASA announced that the successor 

to Project Mercury would be Project Apollo. 

however, was to carry three astronauts in sustained 

earth orbital or circumlunar flight. Plans for an 

eventual manned lunar landing were to be studied. 

Its goal, 

In May 1961, President Kennedy recommended to 

Congress an expanded national space program with the 

major accelerated goal of "landing a man on the moon 

and returning him safely to earth, during this decade." 

Congress subsequently endorsed the plan for expanding 

and accelerating Apollo including the development of 

spacecraft, large rocket boosters, and unmanned explorations 

. which would support the Apollo objectives. 

Meanwhile, in December 1961, the decision was 
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t a k e n  t o  ex tend  t h e  manned space f l i g h t  e f f o r t  beyond 

Mercury p r o v i d i n g  an i n t e r i m  p rograq  b e f o r e  the f l i g h t s  

of Apollo hardware could  begin.  Th i s  program, u t i l i z i n g  

a two-man s p a c e c r a f t ,  was o f f i c i a l l y  named Gemini, 

a f t e r  t h e  t h i r d  c o n s t e l l a t i o n  of  t h e  zod iac  w i t h  twin  

stars Castor and Po l lux ,  i n  January  1962. 

Major m i l e s t o n e s  f o r  t h e  Gemini and Apollo programs 

la te r  were e s t a b l i s h e d ,  from t h e  f i r s t  Gemini f l i g h t  

scheduled  f o r  1964 t o  Apollo o p e r a t i o n s  scheduled f o r  

1969 ( F i g u r e  6). 

I n  my n e x t  l e c t u r e  of t h i s  series,  I w i l l  d i s c u s s  

t h e  program phi losophy of the f i rs t  U . S .  manned space  

f l i g h t  program--Project Mercury--and w i l l  measure t h e  

accomplishments of G e m i n i  a g a i n s t  i t s  program o b j e c t i v e s .  

I n  so d o i n g ,  I hope t o  provide  a n  i n s i g h t  o f  some of 

I 

- 

t h e  l e s s o n s  w e  have l e a r n e d  concern ing  man i n  space .  

1-23 


